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Firet Semi-apaual Report on NASA Grant nsC-706/11-003-001 
1 

Ins t i t u t e  of Radiation Ecology %M 
University of Georgia, Athens 

T h i s  report  cwers tbe period between Ju ly  23, 1964 and January 23, 1965. 
The f i r s t  six months of this grant were spent mainly se t t ing  up the experimental 
equipment a=ld i n  the i u i t b i  phzses of the work. Most of the required items of 
equipment w e r e  purchased and delivered to  e i ther  the Savamah River Plant (SRP) 
or the University of Gcx-gia a t  Athens. 
undelivered. 
present, they are  being tested by the manufacturer arid w i l l  be shipped within 
two weeks. 
SlZP w i l l  be complete. The necessary routine proceduzes for  microecosystem 
research have been worked out and a technician trained to  perform them. 

Only two major pieces of equipment remain 
These are two wa!-k-Ln coustant temperature and humidity rooms. A t  

Follcrnting the ins ta l la t ion  of t he  two rooms, the f a c i l i t i e s  a t  the 

Although insuff ic ient  space for  the culture of microecosystems existed during 
the f i r s t  s i x  mmth period, a few experiments were carried out and limited date 
were obtained. 
preliminary resul ts ,  are  given below. 

A summ3ry of the four catagories of work s tar ted,  along with 

1. Studies w i t h  a Simplified Microecosystem Derived From a Sewage 
Oxidation Pond 

The f i r s t  work carried out under t h i s  grant concerned i t s e l f  with a micro- * 
ecosystem original ly  isolated from a sewage oxidation pond i n  Austin, Texas i n  
1959. 
ecosystems siinplified from various natural ecosystems tha t  a re  scheduled fo r  study 
during the next two years. The biological coqonents of t h i s  system are  two algae 
[Chlorella and Schizothrix), several protozoa, an ostrocod (Cypridopsis), 15 to 
20 bacteria,  and two ro t i fe rs .  
medium. 
1964) plus amino acids o r  peptones. 

It is  Gne of the several types of self-contained and regenerative micro- 

The system w i l l  l i v e  w e l l  on a completely defined 
This medium consists of half strength Taub #36 medium (Taub and Dollar, 

The sys'ies has survived as  a regenerative 
system i n  the laboratory f o r  several years with l i gh t  a s  the only energy -ut. e 

When a representative sample of the microecosystem (about 2.5 m l )  is inoculate 
i n t o  sterile, fresh medium (usually 125 m l  i n  a 250 m l  erlenmyer flask) a hetero- 
trophic succession takes place. 
because the biomass i s  f i r s t  increased by the growth of the heterotrophic organisms 
such as bacteria l iving on the peptones o r  amino acids. After the bac ter ia l  bloam, 
there is an a lga l  bloom and the s y s t a  begins t o  € U R C ~ & O R  autotrophically with 
plants providing the fixed carbon and energy necessary for  the other members of 
the community. After the a lga l  bloom, the system s e t t l e s  in to  a steady-state 
s i tua t ion  which pers i s t s  indeftnitely,  
aa experimental tool are  (1) i ts  ease of handling, (2) i ts  reprodvcibility, and 

This period is measured i n  days 

This s?sccession is defined as heterotrophic 

The advantages of t h i s  microecosystem as 

re la t ive ly  short  period of succession. 
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as opposed t o  the succession found la most ecosystems, which is measured i n  xmths 
o r  years. 
003-001 is t o  t e s t  the h.ipothesis tha t  t rue s t a b i l f t y  i n  a l i f e  support s y s t m  
is obtainable only a f t e r  the system becomes adjusted t o  boundary condition 
(i.e., outside environment) by the process of eco logka l  succession. Thus, the 
study of "microsuccession" i s  a f i r s t  order of research under t h i s  contract. 

One of the primary objectives of the research under contract  ae-706/11- 

- Experiments with Reterotrq3hi.c -- - Success%=. Several d i f fe ren t  experiments are 
being coxductel to srudp qllantitEcive asDel:ra of the  heterotrophic succession, 
ale time from iccJculatim t o  ai@ I;ilom htic been found t o  vary w i t h  temperature. 
This period is a p p a d m c e l y  fi-;.e days at '17OC ar?d 3G days a t  10°C. The changes 
i n  b i m a s s  during suzcession a re  a l s o  briq irivestigated. A 1 t o  5 mg. inoculum 
i n  a 125 mf microecosystemwill i m r e r s e  t o  about 22 IC;: a t  bloom t i m e .  Maximum 
biomass obtainable under optimum c c d r t i o n  is ailoutl 60 ng per microcosm or  9-48 g 
per lite::. A l l  these f igcrcs  are expressed a s  dry weight. Some fmctfons of the 
organic s u h t r a t e  have been i % v e s t Q p t d .  
per l i t e r  nixed peptones {"Csber mGlr-t-?cptone OY Di"c3 grotecse-peptone) as pa r t  
of the s t a r t i ng  m e c 3 - a .  We are now tryf-ng t o  detemdne the s inbum alzounts of 
these or other org.?rica kTbich a re  required for a coma1 heterotrcphic succession. 
Although it has 5een s 3 o m  tha t  certaLi aafno acids can be subst i tuted fo r  the 
mixed peptones i n  the boterotrop'ilic successio.z1, t&.e work is being repeated under 
more favorable cmdi t io2s  i n  an a t t m p t  t o  quantify the resul ts .  

Most of the e q e r i n e n t s  us% 0.5 grams 

Experiments Vith Autotrwhdc Scccessgn. The simplified microecosystem 
w i l l  not grow a f t e r  being ixoculated into half  strength Taub solutton vi thout  
added organic matter. 
appears t ha t  a t  half  strength it has insuf f ic ien t  nitrogen t o  permit any appreciable 
autotrophic increase i n  the b i a a s s  of the systen. 
the biomass must increase through aa ini2i.a; grmth of the green plants. The 
Encew-c73!i% T,@%n'$ISgbios$  is fsi',?&3 'by' i:i_.a. makes'p&bsib%) the gitewth 

heeepocPopi+!-c dky.r~z:;as'  feeigiig ca &e green piancs a r ' o n  prodtiees d e t i ~  . 

fteat*-0'na. .a.  

Although the Tsub solut ion i s  an a lga l  growth medium it 

I n  an autotrophic succession 

I f  n i t r s t e  nitrogen is  ad?ed:fn PJ amount equal to  tha t  present i n  the 
peptone heterotrop3ic mediuu, then a=lto:rqhic succession occurs. Since the -- ChloreXla requires tbiaxriine, t h i s  vi tantn lcust a l so  be added to  the medium. 
Autotrcphic succession is both slcraer and ti:!t!.nnntely r e su l t s  i n  lower f i s o l  biomass 
figures than heterotrophic succession. 
inci-ease the speed and amount of growth through the use of reduced (ammoniacal) 
ra ther  than oxidized (n i t ra te )  nitrogen. 

A t  present an attempt i s  being made t o  

- . _ .  . .  . .P, Butr l t ional  Experiments 

A recent publication (Nyers, 1964) suggests t ha t  the introduction of other  
organisms j a t o  the food chain of a h m a  l i f e  support system should be investigated. 
A s  a scep i n  t h i s  direct ion,  animal feed5ng experimente v i t h  the dried biomass of 
the s m p l i f i e d  ecosystem are  to  be undcrtaken. k. unique omortuni ty  presents i t s e l f  
a t  the S a  Ecology Laboratory. 3r. Frank Golley, a lrLa13F; ecological bioenergetic5 
is  available for  consultaticn and asshtance.  He w i l l  cwperate  i n  t h i s  phase of 
the work. P i lo t  experiments h w z  shown t ha t  it is  feasj'cie t o  mass cul ture  the 
rn*.cmecosyqtez I n  f ive  gallon batches. Each batch y ie lds  a l i t t l e  over 7 8 dry 
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weight of material. 
pa i r s  of house mice. 
control. 
judging the  adequacy of dried microecosystem as a food. 
been Shawn t ha t  food from pure a lga l  cultures i n  an inadequate d i e t  fo r  most 
mammals, i t  w i l l  be interest ing t o  see i f  the y&&M From a complete ecosystem, 
with i t s  greater  divers i ty  of organic material, will. pxwide a more adequate 
diet for mammals. 

This m8tcrialwill be pel le t ized and fed t o  knaun breeding 
Other pa i r s  w i l l  be fed a standard laboratory ration as a 

Changes in weight and l i t t e r  production w i l l  be used as c r i t e r i a  i n  
Since it has already 

3. Studies wizh T'einporary Pond Microerasystems 

Temporary pond microecosystems are  of special  in te res t  because of t he i r  
to le rmce  of extreme condition of hydration and dekjdratlon. 
sedbeni .  have been collected from stat ions located i n  en arc around the Cclf of 
Mexico from Pzlm Beach, Y.ozfda t c  Tzd7re Island, Texas. 3qml  weights of these 
sediments (250 g.3 have been p l s r ~ i  --i! 2.5 l i t e r  j a rs  m d c r  ptuw-lvi: fluorescent 
l i gh t  hulbq. 
period. 
atided i n  sufficien: quanrs-ties t o  permit a SLOW reduction o.? the t o t a l  amount of 
water in  ea& Mr over a ?wo month period. 
evaporated. 
cycle reneetied. 
followizg the aetlmd of Beyers, 1963. 

Samples of dried 

The If-ghtu r.te mct-rc!.~.~d by a timw :o ytt.du-.2 a tc/:clve hour photo- 
Tho &ars were i rz i t ia l ly  lLiled with distll'ec? w?te;-. MGce wat5r was 

Almost a l l  nf the water has now 
The systems w i l l  be l e f t  dry for another two months and then the wet 

A!: 5?=t tine metabolic measurements of the eysterss w i l l  be made 

4. Graduate Training i n  Microecosystem Ecology 

One of the primary objectives of the grant is t o  a s s i s t  in trafning of student8 
i n  tbe metabolism of ecosystems, a new field of great  interest and importance both 
from the standpoint of space t ravel  and from the S t E n d p i i i t  of man's continued 
8uv:i-mX i n  h i s  present "macroecesystem" - the biosphere. 

Accordingly, a set up for student research and training is being constructed 
on the campus a t  Athens so t ha t  etu4ents may gain experierrp before undertaking 
thes i s  research with the more elaborate equipment a t  SRF. C%e Ph. D. student, 
Mr. itjchard Gingrfch, has already begun t ra ining and w i l l  undertake thesis  research 
next year. 
pigpent r a t i o s  indicate the stage i n  succession of ecosystems, and, therefore, 
re la t ive  s t a b i l i t y  of the system. 
variable i n  monitoring the relationship between production (photosynthesis) and 
respirat ion in microecosystems, we hope that  eas i ly  measured pigment ratios may 
prove useful i n  monitoring biochemical divers i ty  and s tab i l2 ty  in the system. 

Mr. Gingrich is  tes t ing  the Margalef (1963) hypothesis t ha t  plant 

Since pH has already beeu found t o  be a aafu l  

. 

Applicants a re  now being screeiied for assignment t o  tbe program for the 
cominp scadr-mic year (see attached Panouncement). 
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